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ABSTRACT

The emul sion pol ynerisation of vinyl acetate has been studied
at 40°C+/ - 1 usi ng benzoyl peroxide and ferrous iron as the initiator
system Three different emulsifying agents are used. The effect
of emul sifying agent, its concentration and the tinme of pol ymeri sa-
tion on the enul sion properties, the polymer yield and nol ecul ar
wei ght have been investi gat ed.

The results show that the generalised theory of emul sion
pol yrmeri sation applies to a limted extent to this system The rate
of polynerisation is constant between 0-80 percent pol ynerisation.
The nol ecul ar wei ght decreases with tine of polynerisation. This
has been attributed to increasing rate of initiation with time.

The effect of nol ecul ar weight on the tensile properties of the
pol yner filmhas been studied. The results show that pol ymer
sanpl es prepared with varying emul sifier concentration have
narrower nol ecul ar weight distribution when conpared to sanpl es
obtained at varying time of polynerisation and constant enul sifier

concentrati on.

(ix)



Chapter 1

3

1.0 General Introduction

’ The polymerisation of vinyl asetate can be represented by the

chemical equation

n | CH,=CH —_ '-—CHQ-CI:H-—-
OCOCH3 R & OCOCH3
o ) -n
vinyl acetate ' '_ - - polyvinyl acetate

where.n is the number of repeatihg.unité.

The monomer (vinyl ncetate) is a liguid at ambient temperatures.

The properties of interest are shown below,

Table 1

Some Physical Properties of Vinyl acetate

Boiling point _ - 12.7%

Preezing point h . ~92,8°%

Specific gravity at 20°C - 0.9338
" Refractive Index - 11,3940

Solubility in water at 20°C - 2,5 percent
specific heat cal/°C at 20°¢ 0.47

Vinyl acetate shows no known health ha.za.rda1 except that
exposure to high concentration of vapour from its polymerisation can
be dangerous. This is due to harmful effects of acetaldehyde that



is given off in appreciable amounts. Vinyl acetate is relatively
gtable at ordinary temperatures but additional stability against
polymerisation is achieved by addition of inhibitors such as copper
salts, amines or hydroquinones. These Inhibitors are added in small
amounts but muet be removed before polymerisation to get reproduceable

results,

1«1 Properties of Polyvinyl Acetate

Polyvinyl acetate is a thermoplastic odorless, tasteless,
nontoxic, essentially clear and colourless resin. It has a noncry-
stalline and relatively branched atructurez. This is due to the
bulky acetate groups on the chain, Most commercial grades have broad
molecular weight distribution and for this reason melting or softening
is usually over a wide range of temperature. The various grades are
known to have good heet stability below 100°C. Slight colouration
ocours at 150°C and decomposition is usually between 200—250003.

The softening point for most grades is around 50°C. The polymexr
becomes brittle at around 10-15°¢,

The difference in physical properties of the polymer is due
mainly to differences in molecular weight and ite distribution,™ The
polymer is graded by the viscosity number (V-number) which is the
vigoosity in centipoises of a molay solution of polymer in benzene.

The low nolecular weight polyrners are soft at room temperature

whereas the high molecular weight polymers are hard and tough.
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The highly polar acetate groups on the polymer gives the polymer

excellent adhemion to many surfaces, Some properties of some

commercia] grades of vinyl acetate (Gelva resins of Shawnigan resin
h

Corporation) which depend on its molecular weight are given balow .

bl 2 P :-’?:Ij

Some Characteristics of Gelva Resins

Grade Viscosity | Molecular weight i Softenipg |Maximun tensile,
CP average point "0 | etrength ke cm

V 4.5 | 1l=1,70 11,000 65 Too brittle

V.7 &8 45,000 106 4,100

V60 | SL-66 300,000 196 6,500

v.100 | 90-110 500,000 230 | 7,200

- 1.2 Application of Polyvinyl Acetate
Polyvinyl acetate has been availadle since the 1330!s.

Production was small wntil 1540's when polyvinyl acetate emulsions
were introduceds « The volume consumed has grown from negligible in
1940 to several million pounds as at present, |

The low cost of the monomer has made the polyﬁer the principal
vinyl polymer of commerce, The adhesive ind.ustry is currently

the most important outlet for polyvinyl acetate,

e

1.2.1 Surface Coating Industry I B

The surface coating is one of the principal uses of the resin,

It is alnost applied in the emulsiom form. Js early as the middle
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1930's Mowilith aeriesh of polyvinyl alecohol based polyvinyl acetate
emalsions were used in Germany for formulation of emulsion paints.
These early painis were used for exterior masonry and later for
interior walls. Of recent vinyl acetate emlsions are used in the
formulation of gloss and texture interior paints, exterior wood

paints, and industrinl primers and finishesg.

1.2.2 Paper Industry

The major use of the resin emulsions in this industry is thet
of coating, The original materials used were casein and starches but
in view of their poor wet-rudb resistance and liability to bacterial
and fungal attack they have been replaced in part by synthetic
resin emulsions of which polyvinyl acetate is the most economical.
The high tenéilé strenth ﬁosaible with polyvinyl acetate has made
it useful in‘adhesive tape backings and book binding materials,

Apart from coating polyvinyl acetate cap also be uged in 'beater'

additions during paper manufacture to improve the quality of the paper.

1.2.3. Textile Industry

The polymer is mostly applied in the emulsion forn for finishes
that impart strength to woven fabrics especially cotton, It can
also be used as binders for non woven fabrics. The resin emulsion
is algo suitable on blends, Partially hydrolysed polyvinyl acetate
is used instead of gtarch for sizing of fabrics. This is because it
ie easily removed after sizing., There is no colour development as is

possible when desizing fabrics sized with starch,



1 .2.1[-. Buildjg Ind.uatz‘y

The resin can be used ag surface coatings and adhesive for
special materials of construction., It can also be used as binder
for decorative facings and sealer for porous surfaces in preparation
for further treatment. The pelymer is used as cenent additive to
avoid the unpleasant 'hard' characteristics of cement floors and
their dustiness, Correct formulation can give balanced properties

of sound absorption together with thermal and electrical insulation.

142.5. General .dhesive Industry

Polyvinyl acetate and its copolymers are capable of producing
adhesives oi an almoet universal character. Adhesives from emulsions
with polyvinyl alecohol stabiliser have specia]l utility as wood

adhesives,

1.2.6., Food Industry

The polymer is harmleas1 and therefore suitable for direct
contact with food, It is used for coating of various containers for
foodgtuff to prevent attack by micro-organismg, This allows food to
be stored in fresh condition for months. The polymer is also used

as a chewing gum base,

1e2.7. Miscellaneous Application

Other uses of the polymer inoclude use in printing inks, coating
for stencil screeens and sixing of glass fibres, Surgical and medical

applications are known e,g, alcoholic solutions are used as a -



replacenent for colloidion in dressings. It has also been suggested

as a blood plasma substitute.

143+ Polymerisation of Vinyl Monomers

The process by which vinyl monomers are converted to polymers
of high molecular weight exhibit characteristics of typical chain
reactions, The process occurs in three stages viz initiation,
propagation and terminotion, The propagation and termination
processes are extremely fast taking only a small fraction of a second,
Depending on the type of initiator used the polymerisation is classi-
fied into (a) Free radical polymerisation (b) Cationic polymerisa~

tion and (c¢) anionic polyerisation,

143.1. [Free Radical Polymerisation

This is the most common and important type of addition polymeri-
gsation of vinyl monomers. The free radicals or chain carriers are
obtained by the thermal or photochemical decompogition of compounds
such as organic perioxides, azo and diazo compounds e,g. benzoyl
peroxide apnd azobis isobutyronitrile. The initiation reaction can

be represented ag shown
xz-—-;-z x

X" » UH2 s C‘RR‘l -—-&X(]Hz—CB.R.I.- etc,
where x2 is the initiator.



At each addition one electron of the double bond pairs with that of
the free radical and the second electron of the double bond regene-—
rates a free radical which repeats the process, The chain is
propagated by addition of a large number of monomer molecules,
Termination of growing chainsg can cccur in two ways (1) +two growing

chaing may combine, This is termination by combination,

. 1 = 1
X ECH?‘CRR Jm + X [%CRR ]n X[GHE.CRij & nx
(2) hydrogen atom transfer from one growing chain to the other,

This is termination by disproportionation,
M\“CH, CRR'* 4+ °*RR'CeCH, >
—> "~ CH,.CH RR' + RR'C = CH~~

1e342. Redox Polymerisation

The rate of radical production at low temperatures can be
increased if the decompogition of peroxide type catalysts used in
free radical polymgrisation is allowed to occur in the presence of
a reducing agent such as ferrous ions, BSuch a system is called a
redox system, It allows for polymerisation at very low temperatures,
lower than the decomposition temperature of the single initiator,

0e8  (Cgligl0),0, + Fo'™—p CAHL00 + Cgh COO™ + pet
benzoyl peroxide,




1.3.3. Polymerisation Processes

Free radical addition polymerisation can be earried out in dulk,
golution, suspension and emulsion.

(a) Bulk Polymerisation

In this type of process the initiator is added to the undiluted
mononer, When free radicals are generated the reaction proceeds at
a very fast rate, The polymer formed will dissolve in iis monomer,
This makes the medium very viscous, heat transfer is not easy and
there may be explosion due to excessive heat given off, The polyuer
from this process is usually very pure but the molecular weight is
usually very low and the distribution wide., Separation of the

unreacted monomer from the polymer may also be a problen,

(b) Solution Polymerisation

Thig is when the polymerisation is carried out in a solvent
suitable for the monomer, and initiator., The polymer may remain
in golution or separate out, If the polymer dissolves in the solvent
increasing viscosity of the medium may cause mechanical difficulties
and the polymer must be separated by evaporation of solvent or
addition of a precipitant. If the polymer separates out removal of
adasorbed solvent may be difficult., The molecular weight may be
reduced by chain transfer to solvent., BHeat transfer is effected by

refluxing the salvent.



(c) Suspension Polymerisation

The nononer ls suspended in an.aqueous phase, The ﬁonomer ig
digpersed in water by agitation and addition of suspension gtabilisersa.
The gtabiliger prevents monomey droplets and polymer globules
adherins to each other, Polymerisation is effscted in each globule
and a spherical pearl of high melecular weight is obtained. Heat
removal iz wasy because of the agueous suspending mediuwn, The digadvars-

tages are: (1) Contamination of polymer with stabilimer.
(2) Loss of monomer due to slight polymerisation
in the aqueous phasec. :

The rate of polymerigation of the monomer and the molgcular weight
of the polymer product compare favourably with those obtained by bulk

rolymerisation,

(4) pmilsion Polymerisation

Bmilsion polymerisation ig 2 major technique for the polymeri-
pation of vinyl monomers. The suitability of the emulsilon for direct
application e.z. coatings ond finishes and the high rate and high

molecular weights possible are some of the major advantages of the

e

 method. Other adventages include

{1) +thc cheapness and non=-flasmable character of
B ; | the dispersing mediun
. {2) the ease of heat control by dispersing medium
(3) and the ease with which products can be pigmented
and compounded with addition of good dispersing
agent,
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This technique is the only one used in the present study and

a review of the theory of the process is therefore necessary.

1e3eke Theory of Bmulsion Polymerisation

The currently accepted theory of emulsion polymerisation is due
to the work of Harkins®*7*®, McBain?, Hawara'®, smith and Bwart''*?
and their_cobllaborators. The simplified representation of an emulsion
polymerisation system is shown in Fig, I.

When the emulsifier e.g. soap is dissolved in water in the
right proportions vigtually all the soap is present in the form of
micelles or oriented aggregates of soap molecules, There is a
dynanic equilibrium between the emulsifier in solution and that in
the micelles, The micelles are rod like in shape as shown by light
scattering meaauremants13. Bach micelle consists of 50 to 100
emlsgifier molecules and is 1,000 to 3.000X (0.1=0.3 ) in length
with diameters that are approximately twice the length of an emulsifier
molecule, The hydrocarbon and hydrophobic ends of the emulsifier
molecules point toward the interior of the micelle while the ionic
and hydrophillic ends outward toward the water., The numnber and size
of the micelles depend on the ratic of emulsifier to monomer in
the systemn.

When the liguid oonomer is added a very small fraction may go

into solution especially for the slightly water soluble monomers.
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A larger but still a small fraction enters the interior hydrocarbon
part of the micelles, This is evidenced by X-ray and light scattering
meagurements which show that micelles incrense in size as the monomer
is added13. The largest portion of the monomer is dispersed as
monomer droplets whose size depends on the intensity of agitation,

The droplets are stabilised by emulgifier molecules adsorbed on their
surfaces, If the initiator is water soluble it dissolves in the
aqueous phage where the initiating radicals are produced, The radicels
diffuse into the interior of the micelles where they initiate polyneri-
sation of the solubilised monomer, The high monomer concentration

in the micelles and the high surface to volume ratio of the micelles
favour the rapid polymerisation.

The micelles grow in size as polymerisation progresses by
addition of monomer from the aqueous phase., When this is exhausted
the monomer droplets also transfer via the aqueous phase into the
nicelles, The nmicelles, now containing both polymer and monomer
absorbg more emulsifier molecules from solution, Wwhen the emulsifier
concentration falls below its critical value inactive micelles will
be unstable and they dissolve leaving the polymer particles swollen
with monomers. If agitation is stopped at this stage monomer droplets
will coalesce. Diffusion of monomer from the droplets into the
micelles will keep the monomer concentragtion in the micelles fairly

conastant through the polymerisation,
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At 50 to 80 percent conversion the monomer droplets must have
completely disappeared and the polymerisation rate decreases at a
ateady rate as monomer concentration in the particles decrease,

Aecording to Smith and Ewart11'12

the rate of polymerisation
(Rp) and the number average degree of polymerisation (Xn) are
dependent on the murber of growing polymer particles (N), The

number of growing polymer particles (M) is in turn dependent on the

initiator and emilsgifier concentrationa, L

rp = BERM ()

NKpM a
Ri ..001.0001-0(2)

y 4 1/5, g3/5 rererenenees(3)

In

13

where Kp is the propagation rate constent, Ri is the rate of
initiation, [ﬂ , I and E are monomer, initiator and emulgifier
concentrations respectively. The equations fit approximately for
poelymerisation of water ingoluble monomers with 2 water soluble

initiator.
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1.li. Some Characteristics of Vinyl Acetate Emulsion

Polegrisation
ilthough vinyl acetate can be polymerised in bulk, solution

and suspengion the emulsion polymerisation process is by far the
major method of polymerigation., The reason for this is the suitabi-
lity of the emulsion for most of its applications. There are some
major variations from the general theory of emulsion21'22'23
polymerisation as described in the previous section, This is likely
due to the appreciable solubility of vinyl acetate in water (2.5

percent at 2000).

lehoat. Initiator Systems

A number of initiators have been employed in the emulsion
polymerigation of vinyl acetate. The most important are peroxides

21'22'23. With hydrogen

with a reducing agept and a persulphate
peroxic;e initiator, control of pH is very important, The pH must

be below 3,4 and the presence of a reducing agent is very important,
The most important reducing agent is the ferrous iron., Redox systemsn
have been used, These systems will contain the peroxide or
persulphate with a reducing agent such as ferrous 1on.1h thiosulphate
or bisulphite, 0il soluble initiators can be employed with a water
soluble reducing agent. An advantage of this type of system is the

controlled rate of radical formation which ie made possible because

of the heterogeneity of the initiation reaction,
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1.he2., Stabilisers

Erulgion stabiligation has been achieved with a number of
emulsifying agents, These include goaps, polyelectrolytes such as
godiwn nethacrylate and polyvinyl alecohol or a combination of these
compounds, lymulaions with polyvinyl alechol or any other
protective colloid have been reported te have larger particle

1}

diametetr ° than emulsiong with goap as the sole emulsifier. The
emilgion vipcosities are aleo higher when these protective colloids
are enpleoyed, Higher stability to storuge, frost, electrolyte and
better pigment compatibly have been reported with these protective
colloida1h. The most important of these protective colloids for
vinyl acetate polymerigation iz polyvinyl aleohol, The work of
Capitani and Pirrone and others15’17 has phown that medium molegular
weight pagglally hydrolysed polyvinyl acetate iz most effective,
The acetyl content of the polyvinyl alcohol varying from 12 to 20
percent gives the hest reaulté. The uge of polyvinyl alcohol in
conjunction with surfactants especiaily those with gulpho groups
hgs been reported to give pxtra gtability to polyvinyl acetate

h,16.

ermulaions |



Chapter 2

|
SCOPE OF THE PRESENT INVESTIGATION |
|

Polyvinyl acetate emulsioﬁé are used in the textile, paint
and adhesive indugtries in Nigeria, l

In the textile industry it is used for sizing and for finishing,
It has congiderable better water resistance than starch which is the
most well known sizing and finishing agent. In the paint industry
both homopolymer and copolymer emulsions are employed in gloss and
emxlgion paints. The adhesive industry is pgust expanding and it is
envisaged that the use of pelyvinyl acetate in this industry will
be intengified, | |

The present major source of these emulsions in Wigeria is the
Hoechst Industries Limited, This company supplies the industries
and the supply is usually supplemented with import from overseas.

Moat methods of preparation of polyvinyl acetate emulsions are
patented and are difficult if not impossible to come by. This project
ie therefore designed to investigate the effect of the various
additives in the emulsion polymerisation of wvinyl acetate on the
properties of the emulsion obtained with a view of coming out with
possible formulations of desired properties, E

The molecular weight of digpersed polymex, viscosity and stability

of the emulsion, determine the ultimate suitability of the given

' product for the gpecific use, The effect of the various additives on

15
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these properties was therefore investigated. The effect on the yield
was also investigated since this determines the economy of the process.,

Most of the previous work on vinyl acetate emulsion polymerisam
tion is with water soluble initiators such as sodium or potassium
persulphate alone or with a reducing agent., In the present investi-
gation a redox system consisting of an 0il soluble initiator benzgyl
peroxide and ferrous ion was used, It was hoped that a system like
this would lead to a more gradual increase in initiation rate with
coriversion as compared to the constant initiation rates for water
goluble initiators, The gradual increase in initiation rate will
make it easier to control the molecular weight of the polymer product
even without the addition of chain transfer agent. This has been
proved right from the results of the present study.

An attenpt was made to study the mechanical properties of the
emilsion and polymer fil:sto assess the effects of the additives

in the polymerisation on the film properties.



Chapter 3

3e | _ : EXPERIMENTA AL
3.1. Materials . | E : i

3.1.1. Recrystallisation of the Benzoyl Peroxide Initiater

A saturated solution of benzyol peroxide initiator (BDH reagent)
was made in chloroform., The solution was filtered and the filterate

_ transfered Into a clean beaker, To the filterate twice the volume

of methanol waa added and the crystals allowed to form, The crystals
were filtered and dried on a filter paper, This was stored in

a deasicator over giliea gel and stored in a refrigerator until needed,

3.1.2. Purification of Vinyl Acetate Monomer

The vinyl acetate (BDH reagent and some commercia) grade
donated by Nigerian Hoechst Limited, Lagos) was washed with 10 percont
sodium hydroxide golution in a separating funnel, This was to
V; remove the hydroguinone inhibitor. The washing wasg repeated many
times until & clear aqueous layer was obtained, The vinylacetate
was then washed with distilled water to remave any trace of the
alkali., The washed monomer was then dried by shaking with few groms
of anhydrous sodium sulphate, After drying a few grams of cuprous
chloride inhibiter wes added and the monomer distilled under vacuum,
Thg distillate was collected and stored in a refrigerator until needed.

17 o 3
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Other materials used are of BDH grade except where it is
specified to be otherwise. The polyvinyl aleohol used has a
molecular weight average (ﬁn) of LO,000 corresponding to an average
degrec of polymerisation of approximately 465,

The acetehyl content is epproximately 2 percent.

3:2. Methods

3.2.1. LEmulsion Polymerisation.

| The set up for the polymerisation is ae shown in fig. 2, 4
250 ml reaction kettle was used., For each polymerisation L0g of
purified vinyl acetate was used. Three types of emulgifiers were
uged namely sodium louryl sulphate; sodiun stearate and polyvinyl
‘alcohol, A mixed system consigting of polyvinyl alcohol and sodium
lauryl sulphate was alsc used. All polymerisations were carried out
at LOOC + 1 and tho mixture was blanketed with nitrogen that has been
pagsed through alkaline pyrognllol to remove sny trace of oxyeen
which can inhibit the reaction,

The typical recipe ig given below.,

Vinyl acetate - L0g !
Distilled water - Bog I
Bengzoyl peroxide - 0.1g é
Perrous ammonium sulphate hexahydrate ~ 0.28g i'
Sodium pyrophesphate decahydrate - 1.2g8 i

The type and guantity of emulsifying agent were varied, The time

of polymerisation was also varied. The aim was to get products of
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different molecular weights and emulsions with different characteri-

stics, The emulsions so prepared were labelled A1 - 318 (Table 3).

Table 3

The Dxperimental conditions that were varied in the

Preparation of the emulsions labelled A1 - A18

1 Concentration of i '
Emulsion | Fmulsifying agent emulsifying agent Time of polymeri-
gation hrs.
% of monomer wt, o
A Sodium lauryl sulphate 5.0 0.5
112 W 5-0 1.0
As " 5.0 2.0
Ah " 5.0 3.5
35 9 5.0 5.0
Ag " 12,5 0.5
by " 12.5 1.0
Ag " 1.25 2.0
4 9 3.75 2.0
*:?0 ! (e 2.0
1'111 " 10,0 2.0
Aqs ¢ 12.5 2,0
A13 " 15.0 2.0
ﬂ1h Sodium stearate 5.0 3,50
A Polyvinyl alcohol and
15 sodium lauryl sulphate 530.5 3.50
A‘IS = 51045 1.50 {
A17 Polyvinyl alcohol 5.0 2,0 i
1’118 " 5'0 18.0 i
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3.2.2. Sepcration of Polymer from the Emulgion,

The emalsion from the polymerigation was divided into two equal
“.halves. One half was kept and the other half coasulated by addition
of 2 10M hydrochloric acid solution, The coagulated polymer was
washed with woater to free it from the soap. It was dissolved in
methanol and reprecipitated with water. It was dried in the vacuun
oven at o temperatwre of hOGC + 1 till a falrly constant welght wos
obtained. The polymcers obtained were labelled P1 - P18 corresponding
to emulsions labelled A1 - A18' The yield was calculated and
expressed ag percent of origlnal monomer weight. The results obtained

are shown in Tables (4 to 6}, _"lﬁ

3.2.3. Vigcosity Measurement and Molecular Weight ;

Determination of the Polymer,

b

d one percent solution of the dried polymer was madelin
benzene (iR grade). The relative viscosities of varyiné c&ncentrations
of polymer were taken at 30001i 0.2 using an Ubbelohde type of
viscometer, (Table 8)., A plot of reduced viscosity .Lpfo against
concentration was mede, The limiting: viscosity numbers Eﬁﬂ were
determined from the plots FMig. (5,6,7). e

ELP is the specific viscosity and ¢ ig the concentration of

polymer in gram per decilitre of golution. The viscosity average

molecular weight (ﬁv) was caleculated from the equation

A
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where k and 4 are constants, Their values at 30°C for pvolyvinyl
acetate-benzene system are

k = 2.24 x 1lf.‘i-h decilitre per gram, (24)
& = 0.65

The results are shown in Tables 9 - 11,

32,4 Determination of the Bmulsion Viscosity.

This was determined using a rotation type Viscometer Contraves
Epprecht Rheomat 15, The viscosity of the stoble emulsions was found

to be almost constant at 1,03 centipoise per second (Tables L ~ 6).

3.2.5. Film Casting from the Bmlsion,

The casting of the emulpion film was done using a petri dish,
A 10 um3 of the emulsgion was placed in the dish and the dish kept on
a flat surface., The emulsion was left to dry under laboratory
conditions, (25°C and 65% relative humidity). After 24 hrs. the
film was removed for tensile tests, It was found that the filus were
too brigitle for any tensile tests to be performed satisfactorily.

Plagsticisation was therefore necessary,

3.2,6., DPlasticisation of the Bmulsion,

The plagticiser used is 90 percent solution of dibuty phthalate
in methanol, It was incorporated at 10 and 5 percent level based on

the polyner,
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/fter adding the required amount of plasticiser the mixture was
vigorously stirred to ensure proper mixing. 10 cm3 of the plasticised
emulsion wos again placed in a petri dish and the emulsion film allowed

to form under the same conditions as described in the previous sectior,

3.247, Film Casting from Polymer Sclution,

A 5 percent solution of the polymer which has been separated
from the emulsion wns made in chleroform, The film was cast on
mercury surface using 20 cm3 of the golution. The resulting polymer
film was left to dry under the same conditions as described earlier,
The films were removed after 2L hours and labelled P1 - P18 correge

ponding to polymer samples labelled P1 - P1B‘

3.2.8., Determination of Relative Fnulsion Stability.

The emulsion stability was assessed using two qualitative
methods,
(1) The ease of separation on storage in a stoppered bottle under
the laboratory conditionss (2) The ease of separation by coagulation
using concentrated hydrochloric acid solution. The emulsions that
geparated out immediately the agitation was stopped were labelled
poor. FEmulsions which were eamily coagulated with hydrochloric acid
solution but separated on storage only after a day were labelled fairly
stable, The emulsions labelled stable were not coagulated with
hydrochloric ncid addition and separation on storage was noticed

only after = weeck or more., (Tables 4 - 7).
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3.3. Measurement of Tensile Propertics of the Films. . |

The stress—gtrain characteristics of the filmp were determined
-:1; using the Instron tensile testing machine Table model 1026, The
| machine operates at congtant rate of gtrain. The instrument has a
load weighing capacity of 0-500kg. The crosshead and chart speeds
" range from B0 to 500 ma/min, The crosshead speed and chard speed
depend on the oxtension the gpecimen can underge and alsc on the cell
selected. The chart magnification is fixed by the chart tg crosshead

gpeed ratio.

3.3.1. Tensile Properties of the Bmulsion Films.

The gauge length of the test sample was fixed at 2,0 om, The
. thickness wap measured accurately using o micrometer screw gauge.
.The gample width was fixed at 1.0 cms, The maohine.was set_with the
given specificationg, | |

Tond cell ' 10268M (5008 ~ 2000g)

Fuil scale reading 1,000g
Chart speed ' 50 mm/min
Crosshead speed 50 mm/min

Chart megnification factor 1

. From the load — extension curve recorded the breaking load and
'f  extension at break were noted. The breaking stress and percentage

elongation were calculated as shown,

Breaking load  (kg) 2 o ()
Cross sectional Area (m™) *°°*°°**

Breaking stress =

% elongation -

chart reading of extensiocon x 1 x 100 (LJ
magnification factor gauge length’



3.3.2. Tensile Propertieg of the Polymer Pilm.

' The tensile properties of an emulsion film is affected by the
additives present in the emulsion. It was therefore thought necessary
to study the tensile properties of the film obtained from the polymer
that has been separated from the emulsion and if possible, compare the
results obtained with thoge obtained for the corresponding emulsion
filns, : _ o -

The gauge length and width of the test samples were fixed at

2.0 and 1.0 cm respectively, The film thickness was mééeuﬁe& accurately
with a micrometer acrew gauge. The instron setting was modified
because of the lower breaking stress and higher percentage elengations
as compared to the emulsion filme,.

The nachine apecifications are as shown !

Load cell . 1026BM (500g-2,000g)
Full seale reading 500g

Chart speed 50 mm/min _
Crosshead speed 200 mny/min |

Chart magnification factor 0.26

The breaking stregdb and the percentage elongation were calculated

using the equations described earlier. (lquaticns 5 and 6),
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RES

Chapterl4

ULT3

AND DISCUSSION

uunder different Expericental conditions.

Nature of Polyvinyl acetate Mmulsion obtained ;

The results presented in Tables 4 to 7 show the effect of

emulgifying agent and its concentration ag well as of time of poly-

merisation on the colour, yield and viscosity of emulsion and its

relative stability on storage and to mineral acid,

Table L

Effect of different emulgifying agents on the emulasion properties

Time of polymerigation -~ 3%hrsa.
Concentration of emulgifier in % monomer weight - 5
' Relative [Polymer yield|Viscosity
Buulsion| Nawe of E°1°“? of | tability of| from the of the
emulsifier muleion ) . .
emulgion | emulsion % | emulsion |
Sodium lauryll ,
Ah svlphate white Poor €8.5
Sodium
A1h ctearate orange Poor 18.3
*#Polyvinyl
A alcohol and . Fairly N
15 sodium laupyl | 'bite atable 19:4 1.030p/s |
sulphate i
bil Polyvinyl
18 aleohol white Stable Very small 1'9232{:J

# The concentrationg of

are 5

and 0.5 percent

polyvinyl aleohol and godium sulphate
regpectively.

25
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Table §
Effect of varying ermulsifier concentration on

the emulsion properties

Emulsifying agent = Sodium lauryl sulphate

Time of polymerisation - 2hrs,
Relative |§o§§§or yield]| Viscosity
Eaulsion comm“l“i“:rion stability of | from the | of the
SRV the emulsion eruloion %| emulsion
Ag 1425 Fairly stable 9.9 1 .03cp/sec
.
A9 3.75 Fairly stable 17.4 1.03cp/sec
A3 5.0 Poor L7.6 -
Ao Te5 Fairly stable 15.9 «03¢p/sec
Ayq 10.0 Fairly stable 20.3 1.03cp/sec
Ao 12.5 Poor 8.5 -
A" 3 15;0 Poor Ll-go 2 -
Table 6

Effect of Time of Polymerisation on the emulsion properties

Fousifying agent

—

5% Sodiun lauryl sulphate on monomer weight

Time of Relative olymer yield | Viscosity
Fimilsion|Polymerisation|stability of from the of the
hrs. the emulsion | emulsion % emilsion
A, 0.5 Fairly steblel 13.1 1.03cp/sec
A, 1.0 Fairly stablel 26,2 1.03cp/sec|
A]-I. 3.5 Poor 68,5 -
AS 5.0 Poor 83.1 -
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Table 7

The ease of Polymer Separation from the Emulsion
by addition of mineral acid

Time of polymerisation - 3shrs,

Bmulsifier concentration - 5% of monomer weight

. ; Tase of coagulation
Buulsion | Bmsifying agent with hydrochloric acid
ﬁh Sodium laury Fast
sulphate
A1h Sedium stearate Fast
ﬁ15 Polyvinyl alcohol
+ sodium lauryl Fast
sulphate
ﬁ18 Polyvinyl alcohol No effect

Lhel1.1. Colour of the BEmusion.

As can be seen from Table L, all the emulsifying agents used
gave white emulsions except sodium stearate which gave an orange
coloured emulsion, The orange colour with sodium stearate may be

due to impurities in the sodium stearate used,

L.1.2. Polymer yield from the Bmulsion.

(i) EBffect of Fmulsifying agent on the Polymer yield
Ionic emulsifying agents,

The work of Saitc28 on the binding of anionic emulgifiers to

nonionic polymers skhow that besides the long chain nonpolar part of
the emulsifier the ionic subgtituent adjacent to it also may play a

significant role.
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The presence of ionic groups on the emulgifier will aid micelle
formation and this in turn will facilitate the solubilisation of
monomer and polymer molecules in the hydrophobic part of the micelle.

Two anionic emulsifiers were used. They are sodium lauryl sulphate
and scdium stearate whose struchires asre shown below. '

CH3 ( CH, ),l g €00 O N2t - Sodium stearate
0

CHB(CHE)H -0-§-O®Na+ ~ Sodium lauryl sulphate ! .
Both emulsifiers have potential ionisable groups. 1In the case of
godiun stearate thias ié the weak carboxylate groups which can dbe
ionised to carboxylate anion at a high pH whereas in the casge of
gsodium lauryl sulphate which has a stronger acid group inisation isg
possible at a; much lower pH., In vinyl acetate polymerisation the pH
of the medium is about 5., It is likely that in the case of sodium
stearate emilsifier, all the carboxylate groups were not fully
icnised and hence did not aid micelle formation whereas in the case of
sodium lauryl sulphate even at the low pH of the polymerisation
medium the sulphate groups will be fully ionised and this will aid
micelle formation, This explains why the yield is much higher for

podium lauryl sulphate as compared to sodium stearate (Table L),
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Non ionic emalsifying agent

Polyvinyl alcohol is used as a protective colloid to stabilise
polymer emulsions, During the polymerisation it prevents coalescing
of moncmer droplete as well as of polymer particles. It aids in
increasing the viscosity of the emulsion and also acts to a certain
extent as an emulgifying agent. Polyvinyl alcohol has weakly acidic
hydroxyl groups and will ionise only at a highly alkaline pH.

Hence the usefulness of polyvinyl alcohol as emulsifying agent is
limited, In the present investigation the pH of the medium was close
to neutral, Polyvinyl ajcohol under this acidic conditions will
hardly be ionised and hence will not aid micelle formation, It is
not surprising thercfore that the yield of the polymer using polyvinyl
alcohol alone as emulsifying agent was the minimum, Also, the
polyvinyl alcohols used in emulsion polymerisations are partially
hydrolysed, The solubilising power of the micelles of polyvinyl
alcohol if it at all they everzs form will also depend on the
hydrophobic acetyl content and the molecular weight of the partially
hydrolysed polyvinyl alcohol15'3h. The optimum acetyl content of
partially hydrolysed polyvinyl alcohol used in emulsion polymerisation

ag reported in literature17

is between 8 and 20 percent and medium
range molecular weight, In the present investigation the only availa-
ble polyvinyl alcohol which was used has an acetyl content of 2 percent
and a low molecular weight range, This is another reason for the

very poor yield with the polyvinyl alcohol used in the present study.
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(ii) Effect of emulsifier concentration on the polymer yield,

The results in Table S5 and Fig. 3 show the effect of emulsifier
concentration on the polymer yield. It cam be seen that the polymer
yvield generally increased with increasing emulgifier concentration
and levelling off at about 10% emulsifier concentration, The studies
were made usirn;: sodium lauryl sulphate as emulsifier and its concen-
tration varied from 1.25 to 15% while the time of polymerisation was
kept congtant, The abnormally low yield obtained with 7.5 and
10 percent emulsifier concentration may be due to inhibitors such as
oxygen which might have increased the induction period given the low
yield, If the polymerisation reactions were carried out for longer
periods it would have been possible to eliminate the effect of this
induction period and see clearly the effect of emulsifier concentra~
tion on the polymer yield.

11,12 the rate of an emilsion

According to Smith and Bwart
polymerisation Rp is

R = EkEM qlsa.a.(B)
P 2

where M is the micellar monomer concentration N is the number of
polymer particles and kp is the propagation rate constant, The number

of polymer particles increases with emulsifier concentration (E) and

for an ideal system

v 25
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This increase in number of polymwer particles with emulsifier
concentration explsins the increase in yield with emulsifier

doncentration at the constant time of polymerisation.

(iii) Bffect of time of polymerisation on the polymer yield.

The investigation was carried out using 5 percent sodiym lauryl
sulphate as emulsifier and the time varied from C,S5hr to Shrs,
The results are given in Table 6 and illustrated in Fig. k.

It can be seen from Fig, 4 that the polymer yield increased
with the time of polymerisation. This is as expected. .__

For a typical free radical polymerisation initiated chéﬁically
ag in the present study the rate of polymerisation ig first order
with respect to monomer, The rate of polymerigation decreases with

nonomer concentration as indicated in the expression

R = 'kp(fkdxfkt\%m cevnene(T)

Where Rp is the rate of polymerisatioh I is the initiétor concentyra-—
tion, M is the monomer concentration, £ is the initiator efficiency
and kp, kt' kd are rate congtants for propagation, termination and
dissociation of the initiator., The concentration of the monomer
decreases with conversion and o also the rate of polymerisation
ghould decrease with conversion, | |

In an emulgion polymerisation, the locus of polymerisation is

in the micelles, Diffusion of monomer from solution and monomer
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droptelts into these micelles will keep the micellar monomer concen=
tration fairly constant throughout the polymerisation, A slight
decrease in rate is observed only at high conversiocns when the monomer
droplets are exhausted and the micellar monomer concentration decreases.

In the present study a constant rate of polymerisation was
observed up to about BO percent conversion, This is in good agreement
with the theory., Friis and lyh- 'en?r studied the effect of time of
polymerisation for varying concentrations of the emulsifier
(2,4=2hg/1litre). This is lower than the emulgifier concentration
uged in the present study. The shape of the curve is similar except
that it has a high slope and this is as expected since rate is
expected to increase with increasing number of polymer particles
which in turn increases with micelle concentration and hence on

emulsifier concentration as indicated in equations 1 and 3,
Rp = E llll.l(1)
VB reeiennnn(3)

La143. Viscosity of the Emulsion.

The viscosilty of the various emulsions prepared and found
stable is recorded in Tables L - 6, The viscosity was fairly

constant and has a2 value of 1,03 cp/sec.
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The emulsion viscosity doea not depend so much on the molecular
weight and concentration of the dispersed polymer but on other
factors such as the viscogity of the liquid phase, particle size,
particle aggregation, emulsifier content and any other macromolecular
substance dissolved in the liquid phase. It is worth while to point
out here that the polymer polyvinyl acetate is present in the emulsion
in the dispersed form and not in soluble form. It is only when
the polymer dissolves in the solvent that even very low concentrations
inereage the viscosity markedly.

The viscosity value of 1.03 gp/sec is very low when compared
with the viscosity of commercial polyvinyl acetate emulsions e.g.
60% solution of Mowillith 20 (homopolymer emulsion of vinyl acetate)
product of the Hoechst industries has a viscosity of 20 poise per
sac.1h The low value as compared to commercial product is partly
due to the low solid content of the emulsions which were found stable
enough, 7The very high viscosity of the commercia)] sagple may be due
to other polymeric additives such as polyvinkl alcohol of very high
molecular weight dissolved in the digpersing medium. The polyvinyl
alcohol uged in the present investigaticn as stated earlier is of
very low molecular weight and this will not affect the viscosity
of emulsion noticeably, This explaing why the emulsion prepared
with the polyvinyl alcohol available gave emulsion of same viscosity

ag those prepared with the soap emulsifier,
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helelye Stability of the Bmulsion.

(i) Effect of enulsifying agent on the stability of the enmlsion,

As ghown in Table l} the emulsion with polyvinyl alcohol was

- moxe stable than those emulsions prepared with sodium lauryl sulphote
and godium gtearate emulsifiers. This is in agreement with results
obtained by earlier workers. The higher stability of this emulsion
however may not be due to the polyvinyl alcohol as gtability is also
related to the soild content of the emulsion, It hag been found in
the present investigation that the stability decreases with increasing
solid content of the emulgion, The emlsion prepared with polyvinyl
alcohol alone has the minimum solid content and this may be greatly
regpensible for the high stability of this emulsion, L

Capiteni Pirrone and Shirashi15'17 have reported that the use
of partially hydrolysed polyvinyl alcohol of medium molecular weight
ag protective colloid gives very stable emilsions of polyvinyl
acetate, The optimum value of acetyl content according to these
workers is between 8 and 200 The polyvinyl alcochol used in the
“ present studywere of low molecular weight and of low acetyl content
(2 percent), The emlsions obiteined were unstable after storage
for over 8 days.

During the emulsion polymerisation of vinyl acetate the pH
falls below 725. Fatty acid soap such as acdium lauryl sulphate and
godium stearate form very stable emulsions under fairly alkaline
conditions18 but under these conditiong the emulaions would be less

- 8teble, This accounts for the poor stability of the emulsions with
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these two emulsgifying agents.

(1) Effect oe Fpulsifier concentration and the time of
Polymerisation on the stability of the emulsion,

As can be seen from Tables 5 and 6 it appears that the solid
content of the emulsion is the factor that determines the relative
gtability of the emulsions., Even at very high emulgifier concentra-
tion the emulsions of fairly high solid content were not stable,

The relative stability of the emulsion with 7.5 and 10 percent
emulgifier concentration is likely due to the very low yield of
polymer obtained for those concentrations of the emulsifier, A likely
reagon for this low yield has been given previougly. The decrease in
relative emulsion stability with the time of polymerisation is again

a factor of increasing solid content of the emulsion as the polymeri-
sation gets to very high conversions., Therefore the preparation of
stable emulsions requires a balance between the yield and the

concentration of the emulsifying agent.

(iii) Separation of Polymer by coagulation with mineral acid.

The results in Table 7 show that emulsions with sodium stearate
and godium lauryl sulphate were easily coagulated with concentrated
hydrochloric acid solution, The reaction of the acid with the
alkaline soap destroys the stabilising action of the soap. This
explaing why the emulsions with the fatty alkaline soap were easily

coagulated with hydrochloric acid. Polyvinyl alcohol is neutral to
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acid and this is why the emulsion with polyvinyl alcohol as sole

stabiliser was not affected by the acid.

L.2., Molecular weight of the polymer.

The polymers from the emulsions Ay - Lyg were separated from
the emulsions and dissolved in benzene., Viscosity determinations at
various concentrations of the polymer were made and the data presented

in Table 8(a~=p).

Table &

Determination of Limiting viscosity[fﬂ

from viscogity measurements

(a) Sample P, t, = 2.29 mine,
[~ Conen : :
* | Time N (¢

g/(‘TOOml (aidna) ]rel /to n}sp rTz:-xp,/c
1,00 6.2 2.680 1.80 1,80
0,80 5.46 2.38 1.3 1 1.13
0,60 L.57 2,00 1.00 1.67
0.50 L.18 1.83 0.83 | 1.66
0.40 3.75 1.6 0.6l 1.60
0,20 2,98 130 0.30 1.50




(v) Sample P, t, = 2.29 mins,

o t t/to frl gp (Tlsp/c#
1,00 | 6.,13{2.68 | 1,68 1,68
0,80 | 5.13 | 2.24 | 1.24 1455
0.60 | L4,301{1.88 | 0,88 1.47
0,50 | 3.90|1.70 | 0.70 1,40
0.40 | 3.50 | 1.53 | 0.53 1.33
0,20 | 2,861 1.25 | 0.25 1.25

(e) Sample P3
c | t | Yt |Map |Mep/ |
o ——]
1.00 | 5457 | 243 | 1.43 | 143
O-BO L{-c?B 2.07 1.07 1|3J|
0,60 | 3,98 | 174 | 047k | 1.23
0,50 | 3.60 | 1.57 { 0,57 | 1.1
0,40 | 3431 | 1.L5 | 045 | 1.13
0,20 | 2,76 | 1,20 { 0,20 | 1,00
(d) Sample P,

e t t/to Mep |0 e:p/':3
1,00 | L.,80 | 2,10 { 1.,10] 1.10
0,80 | L.26 | 1,86 | 0,86 1,08
0,60 | 3,67 | 1,60 | 0,60 1,00
0.50 | 3.40 | 1.48 | 0.,4LB| 0,96
0.0 | 3.17 | 1.35 | 0.38{ 0,95
0,201 2,71 | 1.18 | 0,18 0,90
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(e) Sample PS t, = 2.29 mina,
1
o t t/to Mep [Mep/,
et R
1.00 | LeTh | 2.07 ] 1.07 | 1,07
0,80 | Lo.1L | 1.81 | 0.81 | 1,01
0,60 | 3.63 | 1,59 | 0.59 | 0,98
0,50 | 3.34 | 1.46 ] 0.46 | 0,92
040 | 2,12 | 1.36 | 0.36 { 0,90
0,20 | 2,67 | 1171 0,17 | 0.85
(f) Sample Pg
%
¢ t /'to M sp f"f}ﬂp‘/.?_1
1.00 | 6,20 | 2.71| 1.7T1 | 1.T1
0.80 | 5,38 | 2,35| 1.35 | 1.69
0,60 | Le52 | 1,97 | 0.97 | 1.62
0.50 | 4.07 | 1.78| 0,78 | 1.56
0.40 | 3.68 | 1,61] 0,61 | 1.53
0,20 | 2,95 | 1.29| 0.29 | 1,45
(8) sample Py
c t t’thc‘ Masp |M sp/c
1.00 | 5.78 | 2.52| 1.52 | 1.52
0,80 | L4.89 | 2,14 1.14 | 1.43
0.60 | L.16 | 1,82 0.82 | 1,37
0.50 3‘?5 1!&‘ 0.&1 1‘28
Q.40 | 3.39 | 1,481 0.LB| 1.20
0,20 | 2,81 | 1.23] 0.,23| 1.15
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(h) Sample Pg t, = 2,29 mins,

c t t/to rr‘ap fﬂsp/c
1.00 | L.39 | 1.92 | 0,92 | 0,92
0,80 | 3,93 | 1.72 | 0.72 | 0.90
0,60 | 3,45 | 1,50 | 0,50 | 0,83
0.50 | 3,20 | 1,40 | 0.40 | 0,80
0,40 | 2.97 | 1.30 { 0,30 | 0.75
0,20 | 2.61 | 1.14 | 0.14 | 0,70

(i) Sample Py

c t t/to M sp |T]ap/0
1.00 | L4.67 | 2.04 | 1.04 | 1.04
0.80 | L4.15 | 1.81 | 0,81 ] 1,01
0.60 | 3455 | 1.55 | 0,55 0.92
0.50 | 3.32 | 1.45 | 0.45] 0.90
Qa40 | 3.10 | 1,35 | 0.35| 0,88
0,20 | 2,66 | 1,16 | 0,16 0,80

(3) Sample P,

c N t/to M sp {qap./_‘?_i
1,00 | 4.98 | 2.14 | 1.14] 1.14
0.80| L.30 | 1,88 0,88| 1,10
0,60 | 3.75 | 1.64 | 0,64 1.07
0,50 | 3.43 | 1.51 ] 0,51 1,02
O.4O | 3.18 | 1.39| 0,39| 0,98
0,20 | 2,72 | 1.19{ 0.19 0.95;“
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(k) sample P‘I‘I

t_ = 2,29 mins,
o

e t ¥ t, Wop | Map/ " ﬂ
1,00 | La75 | 2,07 | 1.07 | 1.07
0,80 ] Le16 | 1.82 | 0,82 | 1,03
0,60 | 3.61 | 1,58 | 0.58 | 0,98
0050 3' 39 1 o)-lB Ooha Ou96
0,40 | 3413 | 1,39 | 0.39 | 0.98
0,20 | 2,73 | 119 | 0419 | 0,95
(1) Sample P.n
o t t/to I"l 8p ﬂ] SP/O
1,00 | 6,06 | 2,65 | 1.65 | 1,65
0,80 | 5.6L | 2,20 1 1,20 | 1.50
0,60 | Lo18 | 1.82 | 0.82 | 1.37
0,50 | 3479 | 1.66 | 0,66 | 1.32
0,40 | 3.h4l | 1.50 | 0.50 | 1,25
0,20 | 2,79 J 122 | 0,22 | 1,10
(m) Sample 913
¢ t t/;o Msp |(Msp/,
1.00 | 6.17 | 2.69 | 1.69 | 1.69
0,80 | 5419 | 2,27 ] 1.27 | 1.59
0,60 | Le29 | 1.87 | 0.87 | 145
0'50 3-87 ! 1369 0069 1'38
0.LO | 3451 | 1.53 ! 0,53 | 1.33
0,20 | 2.85 | 1.2L | 0,24 | 1.20

L0



(n) Sample P‘lh

to = 2,29 mins,

‘ ¥
e % t/to M ap [MBD/O}
1-00 3-96 1.?3 00?3 0.?3
0,80 | 3.52 |1.55{ 0,55 | 0,69
0,60 | 3,20 1,40 0,L0{ 0,67
0,50 | 3,00 |1.31] 0.31 | 0.62
0.40 | 2,85 |1.24| 0.24] 0,60
0,20 | 2,55 | 1.11] 0,111 0.55
(o) Sample Pyg
e t t[to M sp Fﬁlap/c—
1.00 - - - _
0.80 { L,61 {|2.01 1.01] 1.20
0,60 | 3,85 {1,68] 0,68 1,08
0.50 | 3,50 | 1.53] 0.53| 1.00
0.40 | 3.19 {1.39) 0.39! 0.93
0,20 | 2,68 | 1.17! 0,17] 0.85
(p) Sample P,¢

BENEAGTILEY
1,00 | 5.22 | 2,28 1.28] 1,28
0.80 | L3 | 1.93] 0.93] 1.13
0,60 1 3.80 | 1.66] 0.66| 1,08
0.50 l 3,56 | 1.55| 0.55{ 1,08
0.1,«3l 3.23 | 141 OJ4t! 1,00
f:).;mJ 2.71 | 1,181 0.18! 0,90

i1



The plots of viscosity number against concentrations are
illustrated in Figes. (5,6,7). The values of limiting viscosity
number obtained after the extrapolation of the viscosity number ~
concentration curves to zero concentration are given in Tables 9 to
11. The viscosity average molecular weight calculated from the Mark

Hughin's equation

L‘rrU = s el (L)

are also given in the Tables 9 to 11.

Table 9

Effect of different emulsifying agents on the

molecular weight of the polymer

Polymer | Bmlsifier mefﬁ]‘g"““w fiv x 1072
P Sodiunm lauryl
4 sulphate 0.86 3.27
PTL Sodium stecarate 0.51 1.46

P Polyvinyl alcohnl’
15 |and sodium lauryl
sulphate

P1B Polyvingl alcohol - -

0.66 2,17




Table 10

Iffect of Emulsifier concentration on the molecular

- weight of the Polymer

&

——

Bulsifier |Limiting viscosity [ = -5
Polyner Concn [ My x 10
- mJ
Pg 1475 0.63 2.34
Py 3.75 0.7h 2.59
Py S.0 0.89 2e1t5
P10 7.5 0.90 3.52
P11 10,0 0.91 3.58
Pip 12.5 0.9% L.06
P13 15.0 - 1.07 .58
Table 11

Effect of Time of Polymerigation on the

molecular weight of the Polymer

Polymexr Polgigiizition bintting yiscosity |y x 107
hrs, DY?]
P, 0.5 14T Tob5
P, 1.0 1,14 5,07
Py 2.0 0.89 245
Ph 3.50 0.86 3,27
P5 5.0 0.80 2.93
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(i) Effect of Hpulsifying agent on the molecular weight
of the Polymer.

The resuits in Table 9 show that the molecular weight of the
polymer is highest with sodium lauryl sulphate as scle emulsifier,
As explained earlier, this is due to the better binding of monomer=—
polymer particle to the emulsifier. The presence of ionisable groups
on the emulsifier aids micelle formation and thus increases the
micellar monomer concentration. This will in turn increase the
average muber degree of polymerisation (Xn) of the polymer as

indicated by the expression below,

oow BER @)
Ry

Increase in M the micellar monomer concentration will increase
Xn of the polymer,

The yield from the emjlsion prepared with polyvinyl alcohol
as sole emulsifier is extremely small and so no viscosity measure-
ment on the polymer solution was possible,

(ii) BEffect of Bmlsifier Concentration on the
Molecular weight of the Polymer,

The results in Table 10 and Fig. 8 show that molecular weight
increases with emulsifier concentration, Increase in the emulgifier
concentration (E) increases, N the number of active micelles as
given in the eguation

N E3/5......(3) for a system where

Smith-Ewart theory is applicable, Since Xn increases with N it is
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in order for molecular weight to increase with emulsifier concentra-
tion, | . . _ | N

A plot of lgg.ﬁv aainet log E.(Fig.fa) confirms tﬁ; déﬁendence
of molecular weight on emulsifier concentration, Tne slope of the
plot sugmeats that for this system molecular weight is proportional
to 0.24 power of the emulsifier concentration Priig and Nyhagen using
a persulphate initiator for the emulgion polymerisation of vinyl
acetate at SOOC zet a value of 0.5 for the index. The lower value
cbtained for the index in the present study may be due ito the
initiator system., Benzoyl peroxide is non ionic and will not aid
micelle formation, Potassium persulphate is highly ionic., It will
therefore aid micelle formation and help stabilise the emulsion,
For same emulgifier concentration the number of active micelles
with a persulphate initiator will be more than for the benzoyl
peroxide initiator, This higher value of N {for same emulsificr
concentration) which is possible with the persulphate initiator
accounts reasonahly well for the higher value of the index with the
persulphate initiator as compared with the benzoyl peroxide initiator

system used in the present study (Teble 12},
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Table 12

Dependence of Molecular weight on
Emlsifier Concentration

Boulsifier Concentration
0 of mole/litre H.0 | -5
monog;r velgiit fﬁ] RO Iy x 1077 -log (E) 1log Mv
1.25 +021 2.34 1.,6778 543692
3.75 . 063 2.59 1.2007 5.4133
5,0 .08 3.45 1.0757 55378
10,0 .168 3.58 CoTTHUT | 545539
12.5 «210 .06 0.,6778 5.6085
15.0 0252 L.58 0.5986 | 5.6609

(iii) Effect of Time of Polymerisation on the molecular
weight of the Polymer,

As can be seen from the results in Table 11 and Fig,[@ the

meolecular weight decreases with time of polymerisation for the range
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of time used in the study., The very rapid polymerisation possible
at the high emulsifier concentration (25g/lire HQO) may be respéﬁsi-
ble for the high molecular weight product obtained even after
30 minutes of polymerisation, A sharp decrease was observed after
30 minutes and a levelling off after 3 hours of polymerisation,

From the Smith-Ewart equation {

o= VKM (@)

R; ;
the number average degree of polymerimation should increase with
time of polymerisation as N the number of zctive micelles increase
and M and Ri remain fairly constant. Infact this has been observed
for vinyl acetate emulsion polymerisation using water soluble

23’28. With an oil solubdle

initiator like potagsium persulphate
‘initiator like benzoyl peroxide the initiation rate (Ri) cannot be
agsumed constant and ghould be éxpeoted tc increase with the time of
polymerigation, The reaction of benzoyl peroxide and ferrous ion

is a surface onc and the rate of recaction ghould increage with
stirring and prolonged contact between the two surfaces., This will

explain why the molecular weight of the polymer decreases with time

of polymerisation,

oo Bl [0 |
Ri : b

From the equation it follows then that increase in Ri will

decrease Xn,
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4e3. Tensile properties of the emulsion and polymer filnms.

Le3.1. Stree-strain properties of the emulsion films,

Stress-strain characteristics of the unplasticised as well as
plasticised films from the emulsion were studied, The strees and the
corresponding strain were calculated from the data obtained from the
Instron tensile testing machine, They are given in Table 13 and
illustrated in Fig. 11,

No satisfactory data could be obtained for the unplasticised
film as it was very brittle mulsions were therefore plasticised
with dibutyl phthalate in two different concentrations namely
10 percent and 5 percent based on the polymer weight estimated,

The results were not reproduceable due to unsatisfactory method of
plasticisation, It is very likely that plasticiser molecules are
not evenly distributed. However the results are presented as they
do show a general trend of stress-strain behaviour of plasticised

emilsion films,



Table 13

Stress-strain properties of the emulsion filml

(a) Sample Ag

Plasticiser content - 10% based on polymer

L9

X v -5 g
Load x 10 (kg) |Chart rea?i;§ of extension szzzi;_§)1o Strain % |
0 0 0 0
50 ol 175 20
60 1.6 .210 80
80 3.2 .280 160
100 9.6 350 14,80
120 11,2 410 560
200 21.4 0,70 1070
240 23,2 0.82 1160
290 27.4 1,02 1370
(b) Sample hg Plasticiser content - 5%
Load % 10° (Kg) |Chext reading of extensicn | Btress  107°| Steein % |
(cm) (kg m~2)
0 0 0 0
50 0 0.17 0
100 0 0.34 0
150 0.25 0.51 12,5 l
200 0.l 0.68 20
190 1.6 0,65 80
190 L.6 0,65 230
250 7.6 0,85 380
400 10.4 1.36 520
500 11.8 1,70 590
560 12.4 1.94 620
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It can be seen from Pig., 11 that both the curves representing
S percent and 10 percent plasticisér are 'S' shaped. Samples are
hard initially and require extremely high stress for .. small change in
the strain, After this softening occure and large strains are
produced for very little chapge in the siress. At the latter stage
pronounced hardening is observed until the sample finally breaks,
With higher plasticiser content the curve is shifted to the right, the
¥ield peint is less defined and much flow is observed. Hardening is
not as pronouwnced. 4 decreage in hreaking stress with an increase in
percentage elongation is observed with the high plasticiser
concentration, (Fig. 1),

L.3.2. Stress-strain properties of the polymer film,

The brittle nature of the unplasticised emulsion film and the
unsatisfactory results from the plasticised emulsion made the study
on the polymer films very necessary., i stady on the polymer film
will alsc make it pogsible to eliminate the effects of the additives
pregent in the emalsion on the properties of the film,

The polymer film was cast on mercury surface using 20 mls of
a 5 percent solution of the polymer in chloroform. The films were
trangparent except for the film from the polymer obtrined with sodium
gtearate as smulpifier which gave a brittle and transluscent film,

A mentioncd earlier the sodium stearate used wight not be very pure,

The stregss-strain characteristics of the polymer fimls wasg

studied using the Instron tensile machine., The stress-atrain data
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are presented in Table 14 and illustrated in Figs, 12 and 13,

Table 1L(a)

Stregs—strain properties of films from polymer samples
obtained with constant emg&gifier concentration

Sample Ph Time of polymerisation = 3% hrs.
Mv = 3.27 x 10°

Load x 10° (kg) | Chart reading of extension | Stress x 10~ | Strain % |
(em) (kg m=2) ]
0 0 0 0
25 0.1 .103 20
50 0.25 «206 50
75 0.8 « 309 160
100 1.8 412 360
150 2.45 .618 bo |
200 342 .B824 640 |
250 Lo 1.03 820 |
260 L6 1,07 920

Sample P2 Time of polymerisation = 1,0hr. Mv = 5,07 x 10S

Load x 10° (k&) | Chart reading of extension| Stress x 10~ | Strain ¢
(cm) (kg m=2)

0 0 0 0
25 0.0%5 . 089 10
50 0.15 .178 30
15 0.l w267 80

100 0.9 «356 180
125 1.6 ULS 320
150 2.1 53k K20
175 2.3 623 L60
200 2.5 .712 500
300 3.5 1.07 700
330 a2 1.16 80
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mable 1L(b)
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Stress-strain propertiea of films from polymer samples

obtained with varying concentration of emulsifier

Sampl PB Bmulsifier concentration = 1,25% 3
fiv = 2,32 x 10

Load x 10° (xg) | Chart reading of extension | Stress x 3 Strain %
(cm) (kg m=<) N

0 0 . 0 0

50 Ot 0.20 20

75 0.5 0.30 100

100 0.6 0.40 120

125 1.4 0,50 280

150 2.1 0460 420

200 2.7 0,80 540

250 3.l 1.00 680
260 3.6 1,04 720 !

Sample P,y Bulsifier concentration = 15% My = L.58 x 10°
Load x 10° (kg) ,Chart reading of extension | Stress x 10"5 Strain %1'
— cin) (kg m=2) _

0 0 0 0

25 0.05 .089 10

50 0.15 «178 30

75 0.4 267 80

100 0.9 +356 180

125 1.6 oLli3 320

150 2.1 534 420

175 2.3 623 L60

200 2.5 o112 500

300 3.5 1.07 700
330 L.2 o { 1416 8L0 o
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The strese-atrain behaviour resembles what has been described
for the emulsion films, An important difference beiween the two is

the softness and more rubbery nature of the polymer films,

ke3e3. LEffect of moleculnr weight on the Stress-strain
properties of the polymer films,

The molecular weight of the polymer has been varied using
two methods,
{a} Varying the time of polymerisation using a cénatant
concentration of the emulsifier,
(b} Varying the emulsifier concentration at a constant time
of polymerisation,
The results of tengile tests obtained with these two séts of
gamples are presented in Table 1L and illustrated in Figs. 12 and 13.
Figure 12 show the gtresg-strain relationship for two polymer
samples under category (a) and figure 13 chows the stress—strain
relationship for two polymer samples under category (b). From
figure 12 it can be seen that for samples under category (a), strain
percent increases with decreasing molecular weight for the same
stress value, Thia ig in order because long chain melecules can
accommodate larger deformation through the rearrangement af the chains,
The results in Table 1hb and figure 13 however show that fox
samples with higher mclecular weight under category (b) the trend
ig reversed up to about 500 percent gtrain. The higher molecular

weight sample gives higher atrain under the same stress. MAn explanation



for this may be the higher quantity of emulsifier which can be
adsorbed by the polymer from the high quantity of emulgifier

used in the polymerisation. The adsorbed emulsifier molecules can
act as plasticiser to increase the softness of the film,

A general effect of molecular weight of the polymer on the
breaking stress and percentage elongation is presented in Table 15
and illustrated in Fig, 14. Higher values of breaking siress are
recorded for samples under category (b) for the same molecular
weight, It might be that the samples under category (b) have
narrower molecular weight distribution,

The results in Table 15a show that for samples under category
(a) the percentage elongation increases with decreasing stress
and hence decreasing molecular weight, From table 15 (b) it can be
seen however that for samples under category (b) the percentage
elongation increases with molecular weight., The high emulsifier
concentration used in the polymerisation to zet the high molecular
weight samples will inerease the amount of adsorbed emulsifier
markedly, The adsorbed emalsifier molecules will exercise some
plasticising action giving the film a more rubbery nature, This
will explain why for samples under category (b) the percentage

elongation increases with increasing molecular weight of the polymer,
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Table 15

Effect of molecular weight on the tensile
properties of the polymer film

(a) Emulsifier concentration 5% sodium lauryl sulphate,
Time of polymerisation varied from thr. to 5 hrs.

Sample | Mv x 10-g Breaking stress | Strain %
. (kg m~2)
P, 8,07 1,17 640
Py 345 1,06 40
Ph 3.27 1.06 920
| Pg 2,93 1.05 780
(v) Time of Polymerisation = 2hrs,

Bmulgifier concentration varied from 1,25-15%

Sample | Mv x 10—3_ Breaking stress | Strain %
(kg m-2)
P8 2,32 1.05 T20
Py 2,59 1.07 780
P, 3.58 1.09 780
P,s lis 06 1.15 800
_PB L.58 1.16 810
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he.3.4s Conclusion. | |

From the results of the presénf investigafibn it is ﬁgésible
to come to a number of conclusions on the emulsion polymerisation
of vinyl acetate, These conclusiong are -
(1) Fatty acid soaps are not good stabiligers for polyvinyl
acetate emulmions,
(2} Sodiugy lauryl sulphate is a better emjlsifier than sodium
stearate for vinyl acetate emulsion polymerisation,
{3) The generalised theory of emulsion polymerisation applies to
the system with some modifications. | _
(L) In the emulsion polymerisation of vinyl acetate using ﬁenzoyl
peroxide/ferrous iron couple the control of molecular weight is
easier than with water soluble initiators, |
(5) The rate of initiation cannot be assumed constant and the
molecular weight of the polymer decreages with the time of polymeri-
gation, -
(6) The molecular weight is leas depeﬁdent on emulgifier concentra-
tion as stated in the Bpith-Ewart theory, Tor this sysysten

v @l B0
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